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' [57] ABSTRACT 

A system for ‘storing and retrieving information 
bearing units or modules, such as magnetic tape cas 
settes, including a fixed two-dimensional storage ar 
ray, a ?xed processing or play station for extracting 
information from the units, and a movable selection 
mechanism, having three degrees of freedom, for re 
trieving individual modules from the storage area, 
transferring them to the processing area and then re 
turning them to the storage area after the information 
contained therein has been extracted. Additionally, 
the system includes means for automatically sequenc 
ing a series of units, as well as a preprocessing station 
for cueing up individual units for intra-unit accessing. 

23‘Cl'aims, 15 Drawing Figures 
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1 

STORAGE AND RETRIEVAL SYSTEM FOR 
MAGNETIC TAPE CASSETTES 

BACKGROUND OF THE INVENTION 

The present invention relates to a system for storing 
and retrieving information bearing units or modules, 
and in particular to a special purpose retrieval system 
which provides automatic random ‘access of a larger 
number of items stored in a ?xed area. 
There are many types and kinds of information re 

trieval systems presently available, each having its own 
advantages and disadvantages. For example, large scale 
computer based information retrieval systems are well 
known in the art (see US. Pat. No. 3,405,457). How 
ever, they require ‘expensive high speed mass storage 
devices such as disk packs and relatively sophisticated 
central processes as'controllers. 
A number of random access retrieval mechanisms 

exist which bring together a processing station with a 
stored item, usually by moving the stored items. Many 
such devices use a rotating one-dimensional array of 
stored items (for example, slides, US. Pat. No. 
3,510,215; micro?che, US. ‘Pat. No. 3,704,451; or 
tape cassettes, U.S. Pat. No.v 3,484,055); however, 
when a large number of items are‘to'be stored, a two 
dimensional storage area is required. Such mechanisms 
use either a storage array capable of movement in two 
directions (U.S. Pat. No. 3,243,780) or an array mov 
ing in one dimension with moving selection mechanism 
(U.S. Pat. No. 3,164,059) or moving processing station 
(U.S. Pat. No. 2,918,656). These devices have the 
disadvantage of requiring considerable power ‘to accel 
erate a large storage array and/or processing station, ‘ 
and to decelerate into a precise position required for 
processing. One device which attempts to overcome 
power requirements utilizes a continuously rotating 
array of items (U.S. Pat. No. 3,378,827). However, the 
storage array is restricted to one dimension and re 
quires specially designed items. Another disadvantage, 
of these devices is mechanical complexity and associ 
ated high cost. 
Inexpensive random access tape cassette players exist 

for the home entertainment market (U.S. Pat. Nos. 
3,524,949 and 3,682,483) but the number of cassettes 
these devices will accommodate is exceedingly limited 
(about 20 maximum) and preselection capabilities are 
extremely limited. 
Electronic control of automated selection mecha 

nisms is seen in devices related to audio entertainment 
such as juke boxes. Controllers incorporating memory 
to store selections are known (U.S. Pat. Nos. 
3,511,351; 3,555,509 and 3,739,342) as well as con 
trollers. which allow multiple program options 
(3,541,514). Such systems, however, have limited stor 
age capabilities and accommodate only storage of sin 
gle addresses, i.e. there is no secondary addressing 
within an information unit.‘ > 

SUMMARY OF THE INVENTION 

It is therefore, a primary object of this invention to 
provide simple and inexpensive access to a large ?xed 
store of information-bearing units, or other stored ma 
terial. - . . 

Another object of this invention is to ‘provide a ran 
dom access retrieval system having minimum cost and 
size and maximum reliability. Another object of the 
invention is to provide an improved. storage and re 

.10 

trieval system having a ?xed, self-contained two-di 
mensional storage area and ?xed processing station 
with a mechanically simple, movable selection mecha 
nism having three'degrees-of-freedoms to locate, trans 
fer and restore information-bearing or other units 
under the control of a central controller. ’ 
Another object of this invention is to provide an 

improved retrieval system having a variable and speci? 
able sequencing ‘of retrievals through the use of a small 
memory storage associated with the central controller. 
Another object of this invention is to provide an 

improved storage and. retrieval having a minimum of 
, access time by providing means for cue-up of the ap 
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propriate information unit. 
Another object of this’ invention is to provide intra 

unit access by providing a ?xed preprocessing station 
to search an information unit under control of the cen 
tral controller with its prestored selection sequence. 
Another object of ‘this invention is to provide a large 

retrieval device which can be operated simply and 
easily by a human operator having a minimum of train 
ing and no special technological skills. 
A further object of this invention is to provide a 

retrieval system providing automatic operation includ 
ing special start up and shut down procedures and 
automatic shutoff mediated by the central controller. 
Another object of this invention is to provide a re 

trieval system having a simple addressing scheme which 
allows, with’ only minor modi?cations, the use of a 
variety of different sized information bearing or other 
retrieved units. . 

Another object of this invention is to provide a reli 
able selection and retrieval mechanism by having fault 
detection, automatic-error correction and calibration 
procedures maintained by the central controller. 
Another object of this invention is to provide auto 

matic accounting of units retrieved. 
In accordance with the present invention, an im 

proved storage and retrieval system is provided which 
includes a ?xed area for storing a plurality of informa 
tion-containing units or modules, a ?xed processing or 
play station, situated remotely from the storage area for 
extracting information from the modules, and a mov 
able selection mechanism having three degrees of free 
dom for retrieving ‘an individual module from the stor 
age area, transferring it to the ?xed processing station 
and, ?nally, restoring it to its designated position within 
the storage area after information has been‘ extracted 
from it. ' 

According to another aspect of the invention, a mem 
ory is provided remote from the storage area for storing 
a predetermined schedule of modules to be sequenced 
through the processing station. Input means, such as a 
keyboard, is provided for entering a series of selections 
to be sequenced within said memory. The selection 
mechanism is then automatically controlled and di 
rected to sequentially retrieve, process and restore the 
stored schedule of modules. 
According to yet another aspect of the present inven 

tion a ?xed preprocessing‘ station is provided, most 
desirably, near the processing or play station. The pre 
processing station serves as a cueing up and decueing 
area for units about to be processed at the play station. 
That is, the preprocessing area serves as a location 
where intra-unit access. can be carried out. This has the 
desirable effect of reducing the overall accessing time. 
One particular application of the present invention is 

audio magnetic tape cassette storage and playback. A 
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typical memory for this application includes a collec 
tion of 1000 audio tape cassettes stored by ?xed nu 
merical-address and available by random access. The 
user, aided by a display panel, enters the desired se 
quence of addresses of audio tapes to be played. In 
addition to controlling selection machanism move 
ments, a special controller is responsible for scheduling 
the operation of the selection mechanism preprocess 
ing, and play stations. The control mechanism starts up 
the apparatus, sequences the system’s components 
under normal operation, and at the end shuts down the 
apparatus after ensuring that all items have been re 
turned to storage. Because of a unique buffering pre 
processing station, there is negligible delay between 
successive plays. The display is continually updated 
and shows the address number of the currently entered 
informational item and the currently playing item. 
Diagnostic procedures continually check the entire 

system for any apparent fault and a portion of the dis 
play is devoted to advising the user of any such faults 
which occur. A record of usage for accounting pur 
poses or copyright obligations can be kept and be avail 
able upon request from a special part of the main infor 
mation store. 
The ease of human interaction is an important fea 

ture of the invention along with moderate cost so that 
direct access to the very large information store is com 
patible with employment of the device in a home enter 
tainment situation or other applications involving gen 
eral consumer usage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram representation of the stor 
age and retrieval system of the present invention. 
FIG. 2 is a perspective view of the mechanical ar 

rangement of the retrieval system components sche 
matically described in FIG. 1, including a cylindrical 
storage area. 
FIG. 3 is a detailed perspective view of the mechani 

cal arrangement of the retraction/insertion mechanism 
of FIG. 2. 
FIG. 4 is a cross-section drawing of the preproces 

sing/play station transfer mechanism. 
FIG. 5 is a plan view of the interface control console. 
FIG. 6 is a schematic diagram of the system power 

supply circuitry. 
FIG. 7 is a block diagram showing the relationship 

between the central controller and the surrounding 
controlled sub-systems. 
FIG. 8 is a block diagram representation of the cen 

tral controller and its control functions. 
FIG. 9A—9C is a ?ow diagram of the logical opera 

tions performed by the sequence control of FIG. 8. 
FIG. 10 is a diagram showing the address arrange 

ment and address position decoding scheme. 
FIG. 11 is a schematic diagram of the peripheral 

motor controller of FIG. 7. 
FIG. 12 is a schematic diagram of the preprocessing 

peripheral control circuitry including gap detector cir 
cuitry. 
FIG. 13 is an alternate embodiment of the mechani 

cal arrangement of the retrieval system components 
schematically described in FIG. 1, including a ?at, 
planar storage area. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

This invention in the preferred embodiment is an 
information retrieval system, more speci?cally one 
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4 
designed for retrieval of digital or analog information 
stored on magnetic tape cartridges such as audio cas 
settes or cartridges, and video tape cassettes. Other 
applications of this invention include retrieval of gen 
eral information bearing units or modules such as pho 
nograph records. micro?lm or microfiche, photo 
graphic slides, ?lm cassettes. etc., or non-informational 
items such as stock selection from a warehouse. 
The overall organization of the storage and retrieval 

system of the present invention is shown in FIG. 1. 
Human access to stored information is through a ?xed 
processing or play station 1. In the particular embodi 
ment illustrated, the processing station 1 is convention 
ally available except modi?ed so that its control func 
tions, such as play forward or reverse, rewind and stop, 
are remotely controlled by a central controller 6. 
Human control of selected material is through the cen 
tral controller 6 via interface unit 5. This interface unit 
also functions to alert the human user of the status of 
the retrieval unit and prompts him for appropriate 
address information as will be explained in greater 
detail subsequently. 
The addresses of tape cassette units selected for re 

trieval by the user are stored under the direction of the 
central controller 6 within the selection address mem 
ory 7, a small random access memory (RAM). The 
central controller 6 withdraws from this selection list, 
in the ‘preferred embodiment, on a ?rst in ?rst out basis 
(FIFO), an address of a tape cassette to be retrieved. 
The controller 6 then manipulates a movable selection 
mechanism 3 to fetch the proper cassette from a ?xed 
two-dimensional storage area 4 and transfers it to the 
?xed preprocessing station 2. Thereafter certain cueing 
operations are performed, as will‘ be described subse 
quently, the unit or module is transferred to the ?xed 
play station 1. The central controller 6 is also responsi 
ble for returning the cassette to its proper storage area 
after use, again by appropriate manipulation of the 
selection mechanism 3. Details of the operation of each 
one of the foregoing sub-systems will be made apparent 
in the following description. 
FIG. 2 shows the mechanical layout of the storage 

retrieval system of the present invention. A base 10 
supports the selection mechanism 3, the play and pre 
processing stations I, 2 and the two-dimensional ?xed 
storage area 4. The interface unit 5 is contained re 
motely and separately in a housing 9 which also con 
tains .the central controller 6. The ?xed storage area 4 
ishcylindrical in shape with, in the preferred embodi 
m‘en't, '20 standard cassettes 11 (FIG. 3) stored horizon 
tally around a 21/2 foot diameter ring and 50 cassettes 
stacked vertically allowing for storage of 1000 cas 
settesi 
Referring additionally to FIG. 3, the selection mecha 

nism 3 is located in the center of the cylindrical storage 
area 4 and consists of a remotely controllable retrac 
tion/insertion mechanism 17 mounted so as to have 
three degrees of freedom for holding and releasing 
cassettes. A small motor 19 drives the retraction mech 
anism 17 which consists of a push plate 16, a pull rod 
15, and guide pins 14 to push the cassette into and out 
of the storage area 4. 
The pull rod 15 is used only on retraction. The end of 

pull rod 15 is hooked and is used to “grab" the cassette 
11 by a 90° rotation caused by retraction activator 
solenoid 20. For cassette insertion the push plate I6 is 
utilized. The guide pins 14 are movable in and out of 
storage area alignment holes 13 to provide self-center 
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ing. The retraction mechanism 17 is mounted on sup 
port plate 18 which is driven vertically by drive screw 
21 and vertical motor 24 (FIG. 2). Rotational position 
ing is achieved by guide rails 26 mounted on rotating 
disc 27 driven by rotational motor 23. All motors are 
controlled by the central controller 6, as well as de 
tailed later, for correct positioning of the retraction 
mechanism 17. 
The preprocessing station 2 serves, in the preferred 

embodiment, two important functions: (I) to act as a 
buffer area between the selection mechanism 3 and 
play station 1; and (2) to search the ‘tape for the prese 
lected intra-cassette address. Thus, the preprocessing 
station 2 helps reduce the cassette access time by hold 
ing the next cassette to be played, ready for quick 
transfer to the ?xed play station after the current cas 
sette being played has been completed. Immediately 
after completion of a play, the preprocessing station 2 
trades the “readied” or “cued-up” next play cassette 
for the cassette just played upon which, after certain 
operations are performed, it is returned to the storage 
area 4 by the selection mechanism 3. 
The preprocessing station 2 provides another major 

advantage of this invention, the ability to select a spe 
ci?c intra-cassette address; that is, the selection for 
play ofa speci?c song (or movement or piece) from the 
collection of songs normally found in a prerecorded 
tape cassette. While the cassette is held within the 
preprocessing station, it is searched for the song speci 
?ed by a procedure to be detailed later. Thus, when 
transfer to the play station occurs, the cassette tape can 
be positioned to play at the preselected intra unit ad 
dress. 
To ensure all stored tapes are in the full rewind posi 

tion, the preprocessing station 2 performs this opera 
tion on all justplayed tapes before the selection mecha 
nism 6 returns them to the storage area 4. The process 
ing station itself is similar to a cassette player except 
modi?ed for operation only at high tape speed. 
Referring to FIG. 4, preprocessing play station trans 

fer is easily achieved by a rotating support plate 150 
since both stations are ?xed. For each transfer the tape 
heads 141, 142 and play pinch roller 156 are ?rst with 
drawn by retraction bars 154 as lifting cam 155 driven 
by motor 139 raises the support plate 150 through the 
support plate cam follower 160. After the support plate 
150 is sufficiently high so that the cassettes 151, 152 
clear capstan 145, take up 146, and rewind 147 drive 
shafts the lifting cam drive gear 158 engages the sup 
port plate pinion 157 to rotate the support plate 150 by 
180° after which the lifting cam 155 lowers the supp 
port plate 150 disengaging the support plate pinion 157 
and causing the heads to be repositioned via retraction 
bars 154. This ?nal action releases a play cue transfer 
cycle switch 159 to send a “step complete” signal to 
the preprocessing peripheral controller 66 (FIG. 7) and 
on to the central controller 6. Thus, as the readied next 
play cassette 151 moves to the play station 1, the just 
played cassette 152 is transferred to the preprocessing 
station 2 for decueing (rewind). 

Alternatively, another embodiment of this invention 
uses the selection mechanism 3 with a temporary hold 
ing bin to achieve preprocessing-play station transfer 
without the need for special transfer means. In still 
another form, multiple play and/or record stations (2 
or more) can be used in the processing area, and the 
selection mechanism would load these directly. In such 
an embodiment, the functions of cueing and decueing, 

6 
if necessary, take place at the play/record stations, and 
automated or Semi-automated transfer of information 
between ?les in the storage area 4 can be carried out. 

In order to aid human access to stored material a 
simple library of available cassettes, their storage ad 
dresses, and their contents is maintained. Establish 
ment and expansion of this library is easily handled by 
taking advantage of industry convention in prere 
corded tapes. With each prerecorded cassette a label of 
standard size is supplied which includes information on 
cassette title and contents. A label organizer, a small 
booklet which contains I000 numerical sequenced 

. pockets of a size to nearly contain the standard cassette 
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tape label is utilized. The pockets are covered in a clear 
plastic so the titles and contents with their associated 
storage addresses are available at a glance. 
FIG. 5 is a detail of the interface unit 5 which func 

tions as a control console for the storage and retrieval 
system. Addresses of cassettes to be retrieved are en~ 
tered via the entry keyboard 30 with the present entry 
shown on numerical display 33. In general, a retrieval 
address can have up to three parts: ( l ) a cassette num 
ber; (2) a side number; and (3) an intra-cassette selec 
tion number; and the user is prompted for the appropri 
ate entry via the prompting lites 32. The cassette num 
ber currently being played is shown in the play numeri 
cal display 34. The interface unit provides other con 
trol features including alarm indicators 37, on-off 
switches 35 and 39, auto-off mode selector 31, and 
controls associated with the audio playback system 38. 
The entire system is powered by the power supply 

and control 58 shown in FIG. 6. Activation of the 
“power-on” switch 35 causes the power relay 52 to 
close and remains closed due to a latching circuit 
through the shut-down relay 53. The power relay 
supplies switched AC power to a pilot lite 55 and to the 
power supply module 54 which in turn produces the 
various DC voltages required by system electronic 
components. 
Output from the power supply 54 is also capacitively 

coupled to the “power-clear” one-shot multivibrator 
56 to generate a initializing reset pulse over power 
clear line 51 and is used by the entire system upon start 
up.-The latched power relay 52 can be opened under 
normal operation only by interruption of the latching 
pathway through the closure of the shut-down relay 53. 
This relay is activated under direct control of the cen 
tral processor'ove'r line 57 and thus only the central 
processor can shut off the system. 
The relationship of the central controller to the vari 

ous peripheral sub-systems previously described is 
shown in FIG. 7. The peripheral devices are all either 
commercially available or are common assemblies well 
known to those in the art. The electrical components of 
each device along with examples of possible model 
numbers are given in the following Table 1, or in the 
case of the peripheral processors, are described later. 

Table 1 

Device Name Parts 

Keyboard 30 
Enter Display 33 

l std. keyboard (Alco CR-0l5) 
3 seven segment display rcadouts 
3 BCD-scvcn segment decoder 

drivers (MC 7447) 
Same as Enter Display 
4 std. 6 volt lites 
l hex driver 
I automatic cassette player 
(Crcig) 

Later described, see FIG. 13 

Play Display 34 
Prompting Display 32 

Tape Players 144 

Prcproccssing Peri— 
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Table l-continued 

Device Name Parts 

phcral Controller 66 
Peripheral Motor 
Controller and 
Selection Mechanism 62 

Later described. see FIG. 12 

The central controller 6 is a major feature of this 
invention and its operation is shown diagrammatically 
in FIG. 8. Implementation of the operational features 
of this special processor can be accomplished with 
standard hard-wired logic circuitry well known in the 
art, or, as in the preferred embodiment, with a small 
digital computer (microcomputer), along with an out 
put multiplexor of standard design to increase the num 
ber of available output control lines. Each major func 
tion of the central processor 6 is handled by a particu 
lar subsection. The major functions performed by this 
unit and the subsection to perform these functions 
include: 

a. Overall scheduling of system operation sequencing 
selection mechanism 6, preprocessing 2, and play sta 
tion 1 operation is provided by the scheduling control 
ler 45. i 

b. Detailed control of selection mechanism 6 sending 
appropriate signals to the rotational, vertical, retrac 
tion mechanism advance motors 23, 24, 19, and the 
retraction activation solenoid 20 including obtaining 
and decoding the next play address is provided by the 
selection mechanism controller 44. 

0. Detailed control of preprocessing and play stations 
is provided by the preprocessing and play station con 
trollers 47 and 48, respectively. 

d. Address inputs from the keyboard 30 including 
entry display is provided by the keyboard interface 40. 

e. Address storage in the sequence selection memory 
v7 prompting lite control is provided by the memory and 
prompting lite control 41. 

f. Fault detection and automatic start up and shut 
down procedure is provided by the scheduling control 
45. 

g. Accounting of units retrieved through a second 
internal memory 46. 
The overall operation of the storage and retrieval 

system of the present invention will now be described. 
As discussed above, many of the following operational 
activities are carried out under the direction of the 
central controller 6 which, in turn, itself is programmed 
to direct the system operation. The computer software 
listing for one actual embodiment of the invention is 
given in Table 2 at the end of this speci?cation. The 
following description of the operation of the system is 
keyed to this computer listing, by use of the symbol cc 
followed by the applicable computer listing line num 
bers. 

Automatic Start [CClOO—CCl 19] 

To start up the system, power-on switch 35 is closed 
and the central controller 6 receives a reset pulse on 
power-clear line 51 from the power-clear one-shot 
multivibrator 56 located in the power supply area (FIG. 
6). This pulse is used to initialize the processor, clear 
ing the selection address memory 7, resetting the 
scheduling control 45 and clearing numerical displays 
and other registers. Since the selection address memory 
7 is initially empty, the scheduling control does not 
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8 
initiate the retrieval of a cassette as will be detailed 
later, but as throughout systems operation, checks the 
keyboard 30 for a depressed key. 

Keyboard Entry (d) [CCIZO-CC199] 
[CC275—CC299] 

Once a depressed key is detected over keyboard 
input lines 77, the keyboard interface 40 decodes it 
and, if it is a number, places it in an internal input 
buffer 40A (cleared initially) and display the contents 
of the input buffer 40A on the entry numerical display 
33. Detection of any additional numbers causes the 
keyboard interface 40 to shift the contents of the input 
buffer 40A left one decimal place and store the new 
number in the vacated right most position. The new 
number so formed is then displayed on the entry nu 
merical display 33. When the “enter” key is depressed 
the contents of the input buffer 40A are transferred to 
the memory and prompting lite control 41 and both the 
input buffer 40A and numerical display 33 are cleared. 

In general, each retrieval address is composed of 
three parts; a cassette address, and two intra-unit ad 
dresses: the side selected and song selection. The key 
board interface 40 also tests for erroneous entries such 
as multiple keys and performs the “debouncing” opera 
tion to eliminate false entries. 

Prompting Lights ((1) [_cc200-cc219, 
cc270-cc274] 

The memory and prompting lite control 41 uses an 
internal register, the enter status register 41A, to keep 
track of which part of the address is currently being 
entered and informs or prompts the user by liting the 
appropriate message on the prompting lites 32 via con 
trol lines 73. 

Sequence Selection Memory (e) [CC220-CC269] 
After the memory and prompting lite control 41 

obtains the complete address, the address is stored in 
the appropriate selection address memory 7 location as 
determined from the last play address register 41B, and 
the memory is checked to see if the memory is “full”. 
If so, the appropriate prompting lite is displayed advis 
ing the user of this condition, and the keyboard 30 is 
inhibited via keyboard inhibit line 41C until- memory 
status returns to the “not full” condition. The other 
non-numerical keyboard input is the “reject” entry 
which causes the current play to be rejected by simulat 
ing a “play complete” signal directly from the key 
board interface 40 to the sequencing subsection 45 
over reject line 40B. 

Sequence Control (a) [CC300-CC499] 
Scheduling of system operations is the responsibility 

of the sequence of scheduling control subsection 45. 
Sequencing decisions are based on the current activity 
of each device under control of the sequencing control 
and other inputs, such as off or alarm signals, through 
the use of two status registers: the system status word 
(SSW) 45A, and the play status word (PSW) 458. The 
systems status word 45A keeps track of the particular 
operation being performed through a coding scheme 
detailed in Table 3 below. 

Table 3 

SYSTEM STATUS WORD CODE 
OPERATION CODE NUMBER 

Fctch Required 0 


































